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@ Color-developing plated metal for spring and the method of using the same. 

@ Disclosed is a color-developing metal product for spring plated on the surface with alternate layers of Cu 
and Zn to be alloyed by thermal diffusion at low temperatures after spring-forming, and a method of using a 
color-developing plated metal products comprising the steps of : 

applying two-layer plating of a lower layer of Cu and an upper layer of Zn on the surface of a spring material to 
the extent that the thickness ratio of a Zn layer to the whole thickness of the plating is within the range from 5 to 
45 % • forming the plated spring steel material into a spring material having a final plating thickness of 2-25M.m 
and spring-forming it; heating the spring-formed spring material at 250-400 -C for low temperature annealing 
thereby alloying the plating layer to be colored. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to color-developing plated metal for spring and the method of using the 
same, and more specifically, to a color-developing plated metal for spring capable of being suitably 
distinguished in size, material and the like and the method of using the same. 

Description of the Prior Art 

A product formed of spring steel (that is, a spring) such as a coil spring or a sheet spring is used in 
various applications such as mechanical parts, official materials and daily necessaries. The spring steel as a 
material for the above spring includes a spring steel wire and a spring steel sheet. As the spring steel wire, 
there are known a hard drawn steel wire, a piano wire and a spring stainless steel wire specified in 
75 Japanese Industrial Standard (hereinafter referred to as JIS). ' 

These steel wires resemble in the surface color tone with each other, and particularly, the hard drawn 
steel wire cannot be distinguished from the piano wire by only the color tone. Also, in the case of the 
stainless steel wire, it generally is nacre lustrous as compared with the hard drawn steel wire and the piano 
wire; however, when being finished by oil drawing (wet drawing), it cannot be distinguished by the color 
20 tone. Accordingly, of these steel wires after spring-forming, those resembling in size with each other have 
often suffered such a trouble that, there arises mixing in size or material, and consequently, the defective 
spring product is liable to be erroneously assembled in a mechanical structure. 

Meanwhile, a steel cord for reinforcing a radial tire of an automobile is formed as follows: namely, five 
elementary wires each having a diameter of, for example, 0.25mm are stranded, and the stranded wire is 
25 knitted in a belt-shape and is disposed around the periphery of the tire. Thus, the steel cord aims at 
reinforcement of the radial tire as a rubber-metal cord composite material. 

The above elementary wire is manufactured by the steps of: applying a Cu-plating as a lower layer and a 

Zn-plating as an upper layer on the surface of a raw wire having a diameter of 1.3mm at the plating 

thickness ratio of Cu:Zn = 7:3; heating the plated wire at approximately 400 C for a few minutes to tens of 
30 minutes for alloying the plating layers into a Gu-30%Zn alloy; and forcibly drawing it at a reduction ratio of 

96.3% to a diameter of 0. 25mm. During such processes, after heating, the color of the plating surface is 

changed from white to gold, which exhibits a very beautiful color tone. 

In the manufacture of the steel wire mentioned above, the fact that the surface color tone of the cord is 

changed to gold Is worthless, and the object is to improve the drawability and adhesiveness between rubber 
35 and metal by alloying the plating layer into a Cu-30%Zn alloy. According ly. it has never been revealed to 

make positively function the coloring generated by plating the material with two different metals and 

applying the thermal diffusion thereto. 

In addition, the steel coated with only a plating layer of Cu-30%Zn alloy has no problem in terms of the 

corrosion resistance when it is embedded In rubber, for example, as in the case of the steel cord and thus 
40 shielded from the outside air. However, in the case of using the above steel as a formed product without 

shielding it. from the outside air, it is insufficient for the corrosion resistance and causes practically some 

problems. 

To prevent from mixing of the above products formed of spring steel in size and material and also to 
improve the beautiful appearance, there have been executed the following coatings on the spring steel wire: 

45 various resin film coatings; baked coatings of paint; ion plating by PVD or CVD; and TiN coating. 

However, in spring-forming, the spring steel wire is subjected to severe abrasion close to galling in 
passing through the forming tool , and is also subjected to a heat treatment (low temperature annealing) at 
250 *C-400 "C for 2-10 min. after spring-forming for improving the spring characteristics. Consequently, 
the spring steel wire applied with a resin film or baking paint is liable to yield damage on the surface thereof 

50 during the spring-forming thereby causing peeling of the film, and also to be softened in film during the low 
temperature annealing thus causing depression in the film and mutual adhesion of the springs. The spring 
steel wire applied with ion plating does not bring the above problems; but has a disadvantage of increasing 
a cost. Therefore, in the existing conditions, any technique does not exhibit the sufficient function. 

65 SUMMARY OF THE INVENTION 

Taking the above circumstance into consideration, 
the present invention has been made, and an object is to facilitate the distinction among the spring steel 
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products and to improve the surface appearance, and further to improve the corrosion resistance by utilizing 
the conventional manufacturing technique for steel cords mentioned above. , , 

To achieve the above object, the present inventors has earnestly studied, and found the fact that the 
Dlating does not significantly deteriorate the spring characteristic of the spring steel material and improves 
the corrosion resistance, and further causes the plating layer to be colored during the lov. temperature 
annealing after the spring-forming, and therefore, by suitable selection of the color tone of the spnng steel 
product it is possible to perform the distinction thereof in size and material. 

In a first aspect of the present invention, there is provided coated metal for a spring having alternate 
plating layers of Cu and Zn on the surface thereof, which are alloyed in a low temperature thermal diffusion 
after the spring-forming on the surface thereof. ^ , . ... t.,*..^ „^t=.i 

In a second aspect of the present invention, there is provided a method of using the said plated metal 
for a spring comprising the steps of: applying plating of altemate layers of Cu and Zn with a thickness ratio 
of the Zn layer to the whole thickness of the plating layers at 5-45% on the surface of a spring steel wire: 
adjusting the final plating thickness at 2 - 25um. and spring-forming it; and heating the formed product at 
250 -400 • C (low temperature annealing), thereby coloring the plating layer thereof. 

In a third aspect of the present invention, there is provided plated metal for a spring having a Ni-plating 
layer on the surface thereof and subsequent alternate layers of Cu and Zn to be alloyed in a low 
temperature thermal diffusion after the spring-forming. 

In a fourth aspect of the present invention, there is provided a method of using the said coated rrietal 
for a spring comprising the steps of: applying three-layer plating of a Ni-layer as a lower layer a Cu-layer 
as an intermediate layer and a Zn-layer as an upper layer adjusting a thickness ratio of the Zn layer to the 
total thickness of the Cu-layer and Zn layer at 5-45% on the surface of a spring steel wire; adjusting the Ni- 
layer thickness and the total thickness of Cu-layer and Zn layer at 2-30um and 2-25um respectively, and 
spring-forming it; and heating the formed product at 250 - 400-C (low temperature annealing), thereby 
coloring the plating layer thereof. . , ^ » 

Prior to description of the preferred embodiments, there will be described the function of the present 

invention.^^ alloy plating layer alloyed by heating of two-layer plating of Cu-Zn can exhibit various color 
tones according to the heating conditions and the content of Zn. which makes easy the distinction thereof. 

Further, as for a three-layer plating of a lower Ni-layer . an intermediate Cu-layer. and an upper Zn- 
layer when it is heated at a relatively low temperature so as not to yield mutual diffusion between the lower 
Ni-layer and the intermediate Cu-layer. the intermediate Cu-layer and the upper Zn-alloy are alloyed by the 
mutual diffusion, to thus form a Cu-Zn alloy plating layer. ^ ^ 

This can exhibit various color tones according to the heating conditions and the content of Zn. thus making 

easy the distinction thereof. , ^ , ■ . t w «^.^.,t 

The present invention is intended to prevent the mixing of the products formed of spring steel different 
in size and material by utilizing the difference in the color tone of the color developing plating layer, and to 
improve the corrosion resistance by the Cu-Zn. alloy plating layer and Ni-plating layer as a lower layer. 
However, if the characteristic of the product formed of spring steel is significantly deteriorated in use by the 
presence of the color-developing plating layer for distinction, it cannot be put to practical use. Accordingly, 
the color-developing plating layer is naturally specified in the optimal condition. Also, the Ni-plating layer as 
a lower layer is specified in the optimal condition. The present invention has been completed as a result of 
close investigation of the optimal conditions in the viewpoint of the distinction among products, the spnng 
characteristic and corrosion resistance. Hereinafter, this will be concretely described with reference to the 

accompanying drawings. • « . .• 

A hard drawn steel wire is applied with two-layer plating (lower layer: Cu. upper layer: Zn) at a ratio o 
the thickness of the upper Zn-layer to the whole plating thickness of 30%. and is drawn and formed to coil 
spring The formed hard drawn steel wire is heated in various conditions of temperatures and times and is 
then examined for change in color tone of the plating surface, which gives the results as shown m Fig. 1. 

Further a hard drawn steel wire is applied with three-layer plating (lower layer: Ni. intermediate layer: 
Cu upper layer: Zn) at a ratio of the thickness of the Zn-layer to the total plating thickness of the Cu-layer 
and the Zn-layer of 30%. and is drawn and formed to coil spring. The formed hard drawn steel wire is 
heated in the same conditions as those in the above case applied with the two-layer plating and is then 
examined for change in color tone of the plating surface, which gives the same results as shown in Fig. 1. 

The change in the color tone is closely dependent on the heating temperature and the heating time. 
There almost instantaneously occurs the color change from white to gold capable of being distinguished by 
the naked eye under the following condition: • in the temperature range of the practical low temperature 
annealing (250 - 400-C ). when being at 250 -C. the heating time is 4 min. or more, and when being at 
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400 'C , the heating time is 2 min. or more. As a result of such experiments, the heating time <t> required 
for generating the above color change in a temperature T ('C) within the^ range of 250 - 400 'C is 
expressed as the following equation (1). 

5 log t^ 1.193- 2.386 X 10-3 T (i) 

Further, the hard drawn steel wire is applied with the same two-layer plating as the above at various 
plating thicknesses, and is drawn and spring-formed In the same manner as the above. The resultant hard 
drawn steel wire is then heated at 400 for 5 min. or more to form a Cu-Zn alloy plating layer, which gives 
10 the relationship between the content of Zn(%) in the alloy and the color tone as shown in Fig. 2. 

Also, the hard drawn steel wire is applied with the same three-layer plating as the above at various 
plating thicknesses, and is drawn and spring-formed in the same manner as the above. The resultant hard 
drawn steel wire Is then heated at 400 • C for 5 min. or more for alloying Cu in the intermediate layer and Zn 
in the upper layer by mutual diffusion to thus form a Cu-Zn alloy plating layer, which gives the same 
76 relationship as, that in the case applied with the two-layer plating. 

. Referring to Fig. 2, in the range of 10- 45% of Zn, there appears the beautiful color tone of gold 
adapted to perform the function of distinction for preventing the mixing of the different materials, and which 
also significantly improve the surface appearance. Further, in the range of 5 - 10% Zn, there appears, the 
color tone strongly affected by the color of Cu (red copper color) of a plating component, which Is 
20 apparently different from the color of white (color of Zn) of the as-plated surface, and consequently, the 
spring thus treated is sufficiently distinguished from the ordinary spring having the surface colored in white 
(color of metal) thus being put in practical use. 

Incidentally, one of the important properties of the product formed of spring steel lies in the corrosion 
resistance. 

25 From the viewpoint of this, the spring applied with the same two-layer plating as shown in Fig. 2 is 
examined, which gives a relationship between the Zn (%) in a Cu-Zn alloy plating layer and the rusting time 
(corrosion reaching time up to the material) by a salt spray test using a solution containing 3% salt. The 
results are shown in Fig. 3. It is revealed from this figure that at the plating layer thickness of 2um or more, 
the corrosion resistance is improved with increase in Zn content (%), and at the Zn content of 5-45%, the 

30 rusting time is made longer as compared with the non-plated hard drawn steel wire. Namely, it is apparent 
that the presence of the plating layer does not deteriorate the characteristic of the spring material biJt 
preferably improve it. At the plating layer thickness of 1um. the plating layer is affected by the irregularities 
of surface of the spring material, thus exerting no effect on improvement of the corrosion resistance. In 
addition, in the case of using the a SUS 304 stainless steel wire in place of the hard steel drawn wire as a 

35 spring wire, the rusting time is obtained by adding the value as shown in Fig. 3 to the rusting time (185 hrs.) 
of the SUS 304 stainless steel spring itself. 

Further, the spring coated with the same three-layer plating as the above is examined, which gives a 
relationship between the Zn (%) in a Cu-Zn alloy plating layer and the rusting time (corrosion reaching time 
up to the material) on the different thicknesses of the alloy plating layer and the lower Ni-layer, by a salt 

40 spray test using a solution containing 3% salt. The results are shown in Fig. 3. It is revealed from this figure 
that the corrosion resistance is improved by the presence of the Cu-Zn alloy plating layer and the lower Nl- 
plating layer. As for the Cu-Zn alloy plating layer, the rusting time is made longer with increase in Zn 
content thus improving the corrosion resistance. In particular, at the Zn content of 10% or more, the 
corrosion resistance is preferably improved, and the thickness thereof is preferably 2iim or more. As for the 

45 lower Ni-plating layer, the thickness thereof is preferably 2um or more. In the case of the Cu-Zn alloy 
plating layer of 1 m and the lower Ni-plating layer of lum, the plating layer is affected by the irregularities 
of surface of the spring material which makes smaller the effect of improving the corrosion resistance. 
Preferably, each thickness of the Cu-Zn alloy plating layer and the lower Ni-layer is 2um or more. 
The corrosion resistance is enhanced with increase in each thickness. However, when the thicknesses of 

60 the Cu-Zn alloy plating layer and the Ni-plating layer exceed 25um and SOum, respectively, the corrosion 
resistance is not enhanced in proportion to Increase in the thicknesses. Accordingly, in the viewpoint of the 
economy, the thicknesses of the Cu-Zn alloy plating layer and the Ni-plating layer are respectively 25um or 
less and 30 um or less respectively. 

Next, hard drawn steel wire material of 3.5mm is applied with two-layer plating of Cu-Zn and is drawn at 

56 a reduction ratio of 91.7% to a diameter of ^rr\r^\<t> , after which it is heated at 400 'C for 5 min. to be thus 
alloyed. 

Similarly, a stainless steel wire material of 2.5mm<() is applied with two-layer plating and is drawn at a 
reduction ratio of 84% to a diameter of 1mm<<» . after which it is heated at the same condition as the above. 
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to be thus alloyed. Fig. 4 shows a relationship between the Hunter's rotational ^end-ng fa |gue strength 
Zn a,ntent(%7with respect to the above wire rr,aterials. The hard drawn steel w.re and the stamless steel 
w"e aJrnot reduced in fatigue strength at the plating layer thickness of 25urn or 
rpparently reduced in fatigue strength at the plating layer thickness of 30um. Accordmgly m ^acfcal use 
the 7-tin^ thickness is. preferably less than 30um. The same is true for the co.l spnng (spnng steel 

Th1\bove data is obtained for the spring steel material being as a wire and the product formed of 
spring steei being as a coil spring; however, the data is almost similar to that in the case of the spnng steel 
material being as a sheet and the product formed of spring steel being as a sheet spnng. _ 

In surnmary in the two-layer plating of Cu-Zn for the product formed of the spnng steel . the followmg 
condmonTp eierable: the Cu-Zn alloy composition is within a range of 5-45%Zn in the vewpomt of the 
colTr one elf ect: the plating thickness is 2um or more in the viewpoint of the corros.on resistance, and .s 
Sum oMess in the viewpoL of preventing reduction in fatigue strength: and the low temperature annealing 
condition for coloring is 250 • C x 4min. or more to 400 • C x 2min. or more. , w 

Further S, the tl^ree-layer plating (lower layer: Ni. intermediate layer: Cu. upper layer: Zn) for the 
oroducV formed of spring s^eel the thickness of the lower Ni-layer is preferably 2um or nnore .n he 
view 1 of the corrosion resistance, and 30um or lass in the viewpoint of economy. ^^-f-^^^^^J^l 
pZg layer, the following condition is preferable: the Cu-Zn alloy composrt.on '^;;''J^^^f;^"9^ ° 
Jsizn in viewpoint of the color tone effect; the plating thickness is 2Rm or more .n the viewpoint of the 
corroston resSnce. and is 25um or less in the viewpoint of economy: and the low temperature annealing 
condition for coloring is 250 • C x 4min. or more to 400 * C x 2min. or more. 

Cclr devebping coated metal for spring and the method of using the ^° 
present invVntion is made in consideration of the above condition. Accordingly, it ,s P°«^«'b'« ^.^^^-eve the 
c^orSnre^ect of the color Cu-Zn alloy plating layer without deteriorating the spnng charactenstic thereby 
fa»g 'he d stin^L among spring steel formed products, and also to improve the ^-rfac^^PP-^^^^^^^^^ 
Further, i? is possible to improve the corrosion resistance by the Cu-Zn alloy plating layer and the lower Ni- 

'"'Tn'idSon. the method of using coated metal according to the present invention has 
above condition and comprises the steps of: applying two-layer plating (lowe layer^ Cu. upper layer. Zn) or 
three-layer plating (lower layer: Ni. intermediate layer: Cu. upper layer: Zn) on the surface of the spnng 
stee! m^eriTsp^^ it: heating the formed steel at 250 - 400 - C (low temperature anneaUng) 

theibrr^aSg th^pla^^^^^ layer being colored, to thus obtain the color -developing coated metal according 
toC oSent invention. However, the color-developing coated metal for spring may be obtained by the 
othtr m^Z For"e°a^p,e. there is considered a method comprising the steps of: "^eatrng t e above 
sprfng material at 250 - 400 -C for making the plating layer colored, and then spnng- orming it. Allowed by 
Snealino b^ this method makes the manufacturing processes complex because of adding one process. 
fhTis th^ hirg process. Consequently, in the present method, the plating layer is colored by the low 
temiJture annealing indispensable after the spring-forming process, and therefore, the present invention 
is simple in the manufacturing processes and hence is excellent in economy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a view for explaining a relationship between the heating time and temperature, and color tone. 
fHIs "a l^Z etS: — P rten^rS content and the color tone in a Cu-Zn plating 

a 'vS refpSngl relationship between the Zn content . and the rusting time in a Cu-Zn 
plating layer of a spring formed product concerning different plating layer thickness; and 
FiQ 4 is a view for explaining a relationship between the Zn content and the Hunter's rotational fatigue 
sSngth in a Cu-S plying layer of a spring formed product concerning different plating layer thickness. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the exemplary embodiments will be described with reference to the accompanying 
drawings. 
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Example 1 

A hard drawn steel wire containing 0.82% C was subjected to lead patenting, pickling and descaling to 
thus form a raw wire of 3.5mm 4>. The raw wire was applied with two-layer plating of a low layer of Cu and a 
upper layer of 2n using a two-bath continuous electro-plating bath. In this case, Cu plating was applied 
under the following conditions: bath composition is CuSO*:130g/l and 62%H2S04: 33cc/l solution; pH Is 1.5; 
temperature is 30 ; plating current density is 5A/dm2 ; and anode is Cu plate. 2n plating was applied 
under the following condition: bath composition is ZnS04»7H20: 410g/l, AICI3 • H2O: 20g/l, and Na2S04: 
75g/l solution; pH is 4; current density is SA/dm^; and anode is Zn plate. The plating times were set at the 
five kinds for changing the Zn thickness ratio to the whole thickness: namely, 0, 5, 30, 45, and 50%. At the 
same time, the whole plating thickness was adjusted to become 2um. 25um and 30um after drawing. 

After being applied with two-layer plating, the raw wire was drawn 8 times in the usual manner at a 
reduction ratio of 91.7% to a diameter of 1mm to thus obtain an elementary wire within a strength level 
equivalent to 1mm ^ of JIS 3521 hard drawn steel wire SWC. 

The elementary wire of 1mm <t> was formed into tight springs having an outside diameter of 10mm, length of 
20mm and a number of winding of 20. Each tight spring was heated under a condition of 150*C x 7 min.. 
200 -0 X 5 min.. 250-0 x 4 min.. 300- 0 x 3.5 min., and 400- 0 x 2 min.. which was examined for the 
colored state. Each tight spring after being heated was cooled and . was examined for corrosion resistance 
by a salt spray test. Also, the elementary wire of 1 mm was subjected to the same heat treatment as the 
above, which was measured for tensile strength, torsion value and fatigue strength. The results are shown in 
Table 1. . . 

As a comparative example, the bare wire of 1mm <t> formed by drawing the above raw wire of 3.5mm 
, and the polyester coating elementary (color tone: red) wire was tested in the same manner as the above. 
The polyester coating elementary wire was formed by drawing the patented steel wire of 3.5mm ^ to a 
diameter of 1mm * and dipping it in a solution formed by diluting polyester paint by thinner, followed 
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by baking by a two-bake/two-coat system. The results are shown in Table 1. 
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Example 2 

A stainless steel wire for a spring is subjected to bright annealing to be softened, to tlius form a raw 
wire of 2.5mm <t> . The raw wire was applied with two-layer plating and drawn in the same manner as in 
Example 1, to thus obtain an elementary wire within a strength level equivalent to 1mm 4> of JIS 3521 hard 
drawn steel wire SWC. The elementary wire of 1mm ^ was formed into a coil spring and heated, which was 
subjected to the same test as in Example 1 . 

Also, as a comparative example, the bare elementary wire of 1mm ^ formed by drawing the raw wire of 
2.5mm <l> was tested. The results are shown In Table 2. 

As is apparent from Tables 1 and 2, with the plating thickness ranging from 2 to 25um, either of the 
tensile strength, torsion value characteristic, fatigue strength or corrosion resistance is preferable as an 
elementary wire for a spring. Meanwhile, with the plating layer thickness of 30um, the fatigue strength is 
significantly reduced, thus not being put in practical use. The polyester coating elementary wire is excellent 
in corrosion resistance. 

Example 3 

In the elementary wire as shown in Example 1. the whole plating thickness after drawing was set. to be 
5um in place of 2um. It was formed into a coil spring, followed by heating, and was examined for a colored 
state. Incidentally, similarly to Example 1, the thickness ratio of Zn in the alloy 
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niatinq layer was made at 0.5.30.45. and 50%. As is apparent from Table 3. when the plating thickness ratio 
0 Tn layer irtwo-fayer plating is adjusted to the extent that the Zn content in the alloy plating layer ,s 
within he ^nge of 5 45% the'color tone is significantly changed by the heat treatment, -d consequently. 
Tthe use Of ?his color change, it is possible to certainly distinguish the spnng 

Ateo. the present invention is superior to that with the resin coating because the resin coating .s suffered 
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from the surface deterioration such as galling in fornaing, decoloration and fusing. In addition, in the case of 
the coil spring in Exannple 2, (elennentary wire: stainless steel wire), when the plating thickness ratio of Zn 
layer in the two layer plating was adjusted to the extent that the Zn content was within the range from 2 to 
45% similarly to the above, the color tone was similarly changed. 

The present invention is not limited to the coil spring: but may be applied for a spring material that 
requires a low temperature annealing after forming (forming material, torsional spring and sheet spring and 
the like) or the material similar thereto. 

Example .4 

A hard drawn steel wire containing 0.82% C was subjected to lead patenting, pickling and descaling to 
thus form a raw wire of 3.5mm . The raw wire was applied with three-layer plating of a low layer of Ni, an 
intermediate layer of Cu and an upper layer of Zn using a three-bath continuous electro-plating bath. In this 
case, Ni plating was applied under the following condition: bath composition is nickel sulfamic acid: 450g/l, 
nickel chloride: 15g/l and boric acid: 30g/l: pH is 4; temperature is 50'C ; and plating current density is 
8A/dm2. 

Cu-plating was applied under the following condition: bath composition is CuSO4:130g/I and 62%H2S04 : 
33CC/I solution; pH is 1.5; temperature is 30*C ; plating current density is 5A/dm2 ; and anode is Cu plate. 
Zn plating was applied under the following condition: bath composition is ZnSO* • 7H2O: 410g/l, AICI3 • H 
O: 20g/l. and NaaSOi: 75g/l solution; pH is 4; current density is 5A/dm^ ; and anode is Zn plate. 
The plating times were set at the five kinds for changing the Zn-layer thickness ratio to the total thickness of 
Cu-layer and Zn-layer: namely, 0. 5, 10, 45, and 50%. At the same time, the total plating thickness of NI- 
plating layer, Cu-layer and Zn-layer was adjusted to become 0, 1, 2, 5. 25 and SOum after drawing. 

After being applied with three-layer plating, the raw wire was drawn 8 times in the usual manner at a 
reduction ratio of 91.7% to a diameter of 1mm ^, 

to thus obtain an elementary wire within a strength level equivalent to 1mm ^ of JIS 3521 hard drawn steel 

wire SWC. 

The elementary wire of 1mm </> was formed into tight springs having an outside diameter of 12mm, length of 
20mm and a number of winding of 20. Each tight spring was heated under a condition of 150 'C x 7 min., 
200 -C X 5 min.. 250- C x 4 min.. 300-C x 3.5 min., and 400 -C x 2 min., which was examined for the 
colored state. 

Each tight spring after being heated was cooled and was examined for corrosion resistance by a salt spray 
test. Also, the elementary wire of 1mm was subjected to the same heat treatment as the above, which 
was measured for tensile strength, torsion value and fatigue strength. The results are shown in Tables 4 to 
6. 

As a comparative example, the bare wire of 1mm formed by drawing the above raw wire of 3.5mm * 
. and the polyester coating elementary (color tone: red) wire was tested in the same manner as the above. 
The polyester coating elementary wire was formed by drawing the patented steel wire of 3.5mm <^ to a 
diameter of 1mm </> and dipping it in a solution formed by diluting polyester paint by thinner, followed by 
baking by a two-bake/two-coat system. The results are shown in Table 3. 

As is apparent form Tables 4 and 6, in the tight spring after heating, with the thickness of a lower Ni- 
layer being 2um or more and the thickness of the Cu-Zn alloy layer being 2um or more, all of the tensile 
strength, torsion value characteristic, fatigue strength and -corrosion resistance are preferable as an 
elementary wire for a spring. Also, this tight spring exhibits excellent corrosion resistance at a thinner 
thickness of the Cu-Zn alloy plating layer as compared with that having the Cu-Zn alloy plating layer without 
the lower Ni-plating layer. Meanwhile, when the thickness of the lower Ni-plating layer exceeds 30um and 
the thickness of the Cu-Zn alloy plating layer exceeds 25um. the corrosion 
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Table 3 





Class 
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before heating (/jm) 


Heating ! 
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Color tone 
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5 




Total 


Cu 


Zn 




min. 


(%) 


hosting 1 






5 


5 


0 


160 


7 


0 


red 


red 




Com- 


5 


5 


0 


200 


5 


0 


red 


red 


10 


parative - 
Example 


5 


5 


0 


9fin 


4 


0 


red 


■ , Good 
red 






6 


5 


0 


0\Jv 


3.5 1 


0 


red 


^^A (galling, 

red rnaz-ftlnr. 






5 


5 


0 


H\J\J 


2 


0 


red 


J lation, 
red r, 


15 




5 


4.76 


0.25 


1 Kn 


7 


5 


white 


while 1^^^^""^ 




5 


4.75 


0.25 




0 


5 


white 


white 1 






6 


4.75 


0.25 


250 


4 


5 


wh i te 


; gold 1 




Working 
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0.25 




«3 . 0 


5 


whi te 


gold 1 


20 




5 


4.76 


0.25 
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7 


30 
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30 
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1.50 
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3.5 
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5 
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2.50 
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2.50 


2.50 
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2 


50 
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45 


*1 
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200 


5 




red 


muddy 
red 


*2 



(Note). ♦! — comparative example (polyester coat) 
♦2 — galling, discoloration, fusing: presence 
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resistance is not improved in proportion to the increase in the thickness. 
55 Exannple 5 



In the elementary wire of 1mm <^ as shown in Example 4. the whole plating thickness after drawing was 
set to be 4um and the thickness ratio of the Zn-layer to the total thickness of the Cu-layer and the Zn layer 
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. . n m a.? «nd 50% Each wire was formed into a coil spring, followed by heating, and was 
is changed to 0. 5. 10. 45. and 50 /o. Eacn wire was jo manufacturing conditions 

examined for a colored state. The resuUs are shown -n Tab e 7 al°n9 w t 

such as the plating layer thickness and heating '^^"^'^^"■^^^^J^.^^^^^^^^^ alloy plating layer after heat 

ratio of the Zn-layer is selected, as 10 to 45%. the Zn J]'^^^;^^^^^^ 4 min. or more 

decoloration and fusing. . . anolied for a spring material tliat 

the like) or the material similar thereto. 

Table 7 . . 




(Note) *1 — polyeBter coat 

♦2 ••• galling, discoloration, fusing: presence 
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Claims 

1. A color-developing metal product for spring plated on the surface with alternate layers of Cu and Zn to 
be alloyed by a low temperature thermal diffusion after spring-forming. 

^ SP^'"9 according to claim 1. wherein said plating layer is formed 

of a 5-45%Zn and remaining Cu . r 9 > »w 

a A color-developing metal product for spring according to claim, 1 or 2. wherein a thickness of said 
plating layer is within the range from 2 to 25um. 

t^^ZtlT^ZT^ iT'''^ '^""^ *° ' °^ 3- ^"^^^^i" said plating layer is 

. formed of a lO-45%Zn and the remaining Cu exhibiting a color tone of gold after alloying. 



5. 



6. 



A color-developing metal product for spring according to claim 1 or 3. wherein said plating layer is 
formed of a 5-10% Zn and the remaining Cu exhibiting a color tone of red copper after alloying. 

A method of using a color-developing plated metal product for spring comprising the steps of: applying 
two-layer p atmg of a lower layer of Cu and an upper layer of Zn on the surface of a spring steel 
material to the extent that the thickness ratio of a Zn layer to the whole thickness of the plating layer fs 
within the range from 5 to 45%; adjusting a final plating thickness of said plated spring to 2-25um and 
spnng-formmg it; heating the spring-formed spring material at 25(M00 • C for low temperature annealing 
thereby allowing said plating layer to be colored. «u.o unneaimg 

r,Ztlt-^\ "t^ ' color-developing plated metal product according to claim 6. wherein the heating 
time in said low temperature annealing is set to a time <t> satisfying the following equation (1 ). 

log ta 1.193-2.386 x IQ-^ T (1) 

tTmnminV"'*'"*^' ^ ^^^^"^ temperature (-C) in a low temperature annealing, and <t> is a heating 
8. A method of using a color-developing plated metal product for spring according to claim 6 or 7 

s;rg':te~i.'"' ''^^ °^ ^ ^^^'"^ - s^d 



A color-developing plated metal product formed of spring steel comprising a Ni plating layer on the 
surface of a spring steel material, and alternate layer of Cu and Zn to be alloyed by heaffng dLTon in 
low temperatures after spring-forming formed on said Ni-plating layer. ""9 oinusion in 



10. A color-developing plated metal product according to claim 9. wherein said alternate layers of Cu and 
Zn are composed of a 5-45%Zn and the remaining Cu exhibiting a color tone of gold after alloying 

11. A color-developing plated metal product according to claim 9 or 10. wherein a thickness of said Ni 

12. A color-developing plated metal product according to claim 9.or 11. wherein said alternate plating 
Sng '""^''"'"3 ^^'"^"'"9 ' after 

13. A color-developing plated metal product according to claim 9 or 11 wherein said alternate plating layers 
lying. " '""^ '""''"'"^ "''^"''''"^ ^ °* red copper aft^ 

11'?°'' ^ a color-developing plated metal product for spring comprising the steps of: applying 
three-layer platmg of a lower layer of Ni. an intermediate layer of Cu and an upper layer of Zn on Je 
surface of a spring steel material to the extent that the thickness ratio of a Zn layer to the total 
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ture annealing thereby allowing said plating layer to be colored. 

(1). 

10 log t a 1.193 - 2.386 X 10-3 T (1) , 

wherein T indicates a heating temperature ('C ) in a low temperature annealing, and <t> is a heating 
time (min.). 
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